Introduction
The southern Aegean is an area of geological interest (Kokkalas & Doutsos 2001; van Hinsbergen et al. 2005; Meier et al. 2007; Snopek et al. 2007; Zachariasse et al. 2008) that is located near an active converged plate margin (the Hellenic Trench system), between the Hellenide and Tauride (Alpine age) mountain chains. In southeastern Greece, the Dodecanese Islands expose geological units that are of importance in attempting to understand the complex Mesozoic-Cenozoic evolution of this area (Harbury & Hall 1988; Garfunkel 2004; Kokkalas & Doutsos 2004; Franz et al. 2005) . The present study focuses on Paleogene deep-water clastic sediments deposited by subaqueous gravity flows (turbidites) that outcrop on the Dodecanese island of Karpathos.
Karpathos is the second largest Dodecanese island after Rhodes, located in the SE Aegean Sea (Figure 1 ). Several authors worked on the geology of Karpathos (Christodoulou 1963; Davidson-Monett 1974; Aubouin et al. 1976; Harbury 1986; Fytrolakis 1989; Kokkalas & Doutsos 2004) , but the exposed turbidite deposits received little attention even though they cover a significant part of the island. The aim of this work is to provide a more detailed analysis of these deep-water clastic deposits based on sedimentological techniques (facies analysis, mapping, biostratigraphy, organic geochemistry), which may reveal information about depositional processes and subenvironments and also sedimentary basins' evolution in the area of the SE Aegean during the Tertiary. Additionally, useful information can be extracted from a hydrocarbon-bearing perspective, since there is a recent increasing emphasis in the oil industry and academia on the exploration of the eastern Mediterranean region (Dolson et al. 2001; Loncke et al. 2004; Gardosh & Druckman 2006; Loncke et al. 2006; Roberts & Peace 2007; Vandre et al. 2007) and Greece (Avramidis et al. 2002; Zelilidis et al. 2003; Karakitsios & Rigakis 2007; Mavromatidis 2009; Maravelis & Zelilidis 2010; Maravelis & Zelilidis 2012) . By providing the above information, this study also tries to contribute to the correlation problem between geological units of SE Greece and those of mainland Greece, as well as those of nearby areas of SW Turkey, focusing on clastic turbidite deposits. The geotectonic correlation between the major geological units of Greece and Turkey is not yet well understood but significant progress towards this understanding has been recorded in recent studies (van Hinsbergen & Schmid 2012) .
Geological setting
The pre-Neogene geological units of Karpathos are considered as a part of the External Hellenides (Christodoulou 1963; Davidson-Monett 1974; Aubouin et al. 1976; Bonneau 1984; Fytrolakis 1989; Kokkalas & Doutsos 2004) . The turbidite sediments rest on carbonate slope deposits of Cretaceous to Eocene age ( Figure 1) . A Middle Eocene-Oligocene age (Davidson-Monett 1974; Harbury 1986 ) has been proposed for these clastic sediments. The contact with the underlying carbonates is regionally different. Transitional deposits can be observed in northern Karpathos, but in some cases the contact is tectonic. Triassic evaporites are outcropping as diapirs inside the turbidites. These diapirs were probably injected into the turbidites up major faults due to tectonic deformation. Upper stratigraphic units comprise a nappe system of Triassic to Eocene age, overlying the turbidites, consisting of carbonates, cherts, volcaniclastics, molasse-type sediments, and an ophiolitic mélange (Hatzipanagiotou 1983 ). Recent geochemical and geochronological studies of Karpathos ophiolites (Koepke et al. 2002) reveal striking similarities with the Lycian ophiolites of SW Turkey. These similarities between Karpathos and Lycian geology were also highlighted by Garfunkel (2004) , after a paleogeographic reconstruction of the Eastern Mediterranean region. It must be also noted that Bernoulli et al. (1974) recognized typical Lycian sequences in small Dodecanese islands northwest of Karpathos.
Methods
Karpathos deep-water clastic deposits were studied in several outcrops all over the island. The lithological units were described in terms of texture, thickness, grain size, facies, and sedimentary structures. Depositional processes and subenvironments of deposition were interpreted based on the classic terminology of Bouma (1962) and more recent criteria proposed by Chen and Hiscott (1999) and Mattern (2005) . Flow types were also determined using the nomenclature of Lowe (1982) and Mulder and Alexander (2001) . The spatial distribution of different deep-water facies was determined after field mapping and geological maps were created (Figures 2 and  3 ). Paleocurrent evolution was studied from sole-mark K a r p a t h a n S e a K a r p a t h a n S e a orientations in sandstone beds. Dating of the deposits was based on calcareous nannofossil biostratigraphy of selected mudstone samples, which were studied after smear-slide preparation on a high-magnification microscope (PerchNilsen 1985; Young 1998 ) using Martini (1971 biozones. Stratigraphic levels and position of some characteristic nannofossil samples are shown in Table 1 and Figures 2,  3 , and 12. Organic geochemistry techniques (Rock-Eval pyrolysis, total organic carbon [TOC] determination) were also applied for selected fine-grained samples, rich in organic matter, in order to gain information about the type and hydrocarbon potential of the organic material. TOC was determined using a LECO CS230 carbon determinator and pyrolysis parameters using a Rock-Eval 6 apparatus at Baseline Resolution Inc., Shenandoah, TX, USA. Detailed method descriptions and result determinations for the Rock-Eval 6 pyrolysis method were given by Lafargue et al. (1998) and Behar et al. (2001) . In this study the method of Espitalie et al. (1985a Espitalie et al. ( , 1985b was utilized to evaluate the organic geochemical attributes of the studied rocks. The interpretive guidelines used were from Katz (1983) , Tissot and Welte (1984) , Peters (1986) , Peters and Cassa (1994) , Dymann et al. (1996) , Hunt (1996) , and Jarvie and Tobey (1999) .
Sedimentary facies and depositional environments
Karpathos turbidites outcrop in 2 areas of the island (Pantopoulos & Zelilidis 2012 ), a northern area (Spoa, Olympos, and Diafani areas, Figure 2 ) and a southern area (Pigadia and Aperi areas, Figure 3 ). The total stratigraphic thickness of the turbidite succession in both areas is a little less than 1000 m. Six sedimentary units were recognized after geological mapping (Figures, 2, 3 , and 12).
Carbonate breccias/marls
This unit is situated at the lower stratigraphic position of the turbidite succession in northern Karpathos and represents a transition from the underlying carbonate slope to siliciclastic deposition. The unit has a thickness of about 80 m and consists of 2 main lithofacies: carbonate breccia layers alternating with thin-to medium-bedded marls (Figures 4a and 4b ). The breccia layers have a thickness ranging from a few centimeters up to 4 m; they contain carbonate clasts in a range of from less than 1 to up to 50 cm in diameter, and they often exhibit erosive bases with evidence of channelling. The thinner breccia beds are graded, while the thicker ones exhibit a basal layer of angular carbonate clasts inside a fine-grained matrix that is overlaid by a fine-grained, graded layer. The majority of carbonate clasts seems to originate from limestones and dolomites of the upper part of the underlying carbonate slope formation. Thin-section study of the thinner carbonate layers indicates that they consist of recrystallized and dolomitized grainstones (Flugel 2004 ) with mainly sparitic cement, which contain bioclasts of foraminifera, corals, algae, bivalves, and lithoclasts of carbonate rocks (limestones, dolomites, and marbles). The presence of marble lithoclasts indicates a minor contribution from a secondary source area different from the underlying carbonate slope succession. These thin carbonate layers were probably deposited by low density gravity flows (Lowe 1982) while thick breccia layers were deposited by debris flows. The marls are brown to gray-green and laminated at the top of the beds. Marl beds represent the transition from carbonate to siliciclastic sedimentation. Breccia beds represent resedimented carbonate material derived from the margins of a shallow water area. The close proximity to a shallow water area is suggested by the presence of coarse angular clasts and the erosive bases of the breccia beds.
Mudstones/fine-grained sandstones
This unit is regionally extensive, outcropping in the central part and the eastern coast of the northern island area ( Figure 2 ) and having a thickness of about 300 m. Deposits of this unit can be also traced at the area around Aperi village in central Karpathos (Figure 3 ). Evaporite diapirs outcrop at the lower stratigraphic levels of these deposits in several exposures at the southern part of the island, where the unit has a thickness of about 200-250 m. In many cases the unit is overlaid directly by the nappe system. In that case, unit deposits that are folded and chaotic structures can be observed, along with red-colored, fine-grained chaotic clastic material interbedded between the nappe system and the turbidite unit containing large turbidite blocks, which reach several meters in diameter.
The unit consists of a mudstone-dominated succession into which (and especially at the upper parts) thin-to medium-bedded fine-grained sandstones are interbedded (Figures 4c-4e ). The sandstone beds are laterally extensive and have flat bases. Most sandstones are graded, with ripples at the top of the beds, and Bouma divisions Ta-d, Tc-d, and Td (Bouma 1962) can be observed. Several thin (3-5 cm) ungraded beds containing redeposited carbonate material are intercalated in the sandstone-mudstone succession of this unit in northern Karpathos. These beds contain no siliciclastic detritus and have sharp upper and lower contacts (Figure 4f) . The presence of the Bouma sequence (Bouma 1962) in the sandstone beds of the succession indicates deposition in a deep marine environment. Thin-to medium-bedded sandstone and mudstone alternation, low sand/mud ratio, and good lateral extent of the beds suggest deposition in a distal from the sediment source depositional environment. According to Chen and Hiscott (1999) , the deposits of the unit can be categorized as basin-floor sheet sand systems due to the occurrence of: a) rare amalgamation of sandstone beds that have nonerosive bases, b) fine-to mediumgrained sandstone beds, and c) Tb, Tc, and Td-e Bouma divisions in most sandstone beds. Absence of siliciclastic detritus from the thin redeposited carbonate beds and their sharp upper and lower contacts indicate a different source area for these beds in relation with the siliciclastic beds, which contain no carbonate detritus. Based on flow types, the sediments can be categorized as deposits of lowdensity turbidity flows (Lowe 1982) or surge-like turbidity flows (Mulder & Alexander 2001) and debris flows (for the thin carbonate beds). The fine-grained nature of the unit prevented the collection of reliable paleocurrent data; however, sandstone beds of the unit are more fine-grained in northern Karpathos outcrops, indicating a possible paleocurrent evolution towards the north.
Massive sandstones/conglomerates
This unit mainly outcrops at "Kouloura" high, north of Spoa village (Figure 2), and all along the Spoa-Olympos road, which is situated at the contact with the underlying mudstones/fine-grained sandstones ( Figure 5a ). The unit is also outcropping at "Troullos" high, west of the town of Pigadia, where it can be easily recognized ( Figure 3 ). It also outcrops at the hills over Aperi village ( Figure 5b ). The unit is about 350 m thick in the north of the island with outcrops in the south exhibiting thicknesses of c. 250 m. Generally, the lateral extent of this unit is limited, with its deposits forming sedimentary "lenses" with dimensions of 1-3 km in diameter and a thickness of 250-350 m. The lenticular shape of the unit deposits, a maximum thickness of around 300 m, and the decrease in unit thickness to 0 m towards the margins are all observations that probably indicate that the observed massive sandstones/ conglomerates unit forms a sand-rich submarine fan according to the criteria proposed by Mattern (2005) .
Lithologically the base of the unit consists of thick-to medium-bedded medium-to coarse-grained sandstones and mudstones, which pass upwards into thick-bedded conglomerates of up to 5 m in thickness (Figures 5c-5e ). Thick-to medium-bedded medium-to coarse-grained sandstones and mudstones dominate at the upper part of the unit. Conglomerate beds have channel geometries exhibiting lateral pinch-outs, are often amalgamated, and contain subangular to angular clasts of up to 20 cm in diameter. Clast imbrication is common. Graded bedding can be observed in many conglomerate beds, but some of them exhibit reverse grading at the base and normal grading at the top (Figure 5f ). Clast lithology consists of limestone, marble, chert, quartzite, igneous, and ultramafic rocks. Thin-section study reveals the presence of compositionally immature wackes and litharenites (Pantopoulos & Zelilidis 2012 ) containing significant percentages of feldspars (c. 17%) and lithic fragments (c. 20.5%). Thin-bedded sandstone-mudstone alternations can be observed between conglomerate beds and at the marginal limits of the unit. Thick-bedded sandstones exhibit a variety of sedimentary structures: normal, reverse grading, or alternation of both can be observed (Figures 5f and 6a), along with massive structureless sandstones. Amalgamation surfaces are common and in many cases traction structures, like plane-parallel lamination, internal scours, and aligned clasts and mud chips, are observed (Figures 6b-6d ). Organic material can be easily observed (Figures 6e and 6f). Debris flow layers containing mud and organic material are also found, between or amalgamated with the sandstone beds.
High sand/mud ratio, channel geometry, and the erosive character of the beds, along with the presence of coarse-grained material, suggest that the sediments of this unit were deposited in a position proximal to the sediment source. The deposits can be categorized as upper fan channel deposits (Chen & Hiscott 1999) due to the occurrence of: a) strong amalgamation and strong basal scours, b) mud clasts at erosional bases, c) wide grain size range, d) many beds that lack upper Bouma divisions, and e) many thick to very thick beds. Based on flow types, the sediments can be categorized as deposits of high-and lowdensity turbidity flows (Lowe 1982) or hyperconcentrated, concentrated density flows, debris flows, and turbidity flows (Mulder & Alexander 2001) . Hyperconcentrated density flows (Mulder & Alexander 2001) or hyperpycnal flows (Piper & Savoye 1993; Mulder & Syvitski 1995; Nemec 1995; Plink-Björklund et al. 2001; Plink-Björklund & Steel 2004) probably had an important role in the deposition of this unit. These flows are generated by direct fluvial discharge of terrigenous sediment into deep water and they can last for days or weeks, in contrast with shortlived surge flows like the classical turbidity currents. The fact that these types of flows affected the sedimentation of the unit is suggested by (Plink-Björklund & Steel 2004 ): a) abundance of thick sandstone beds, b) observation of thick sandstone beds with a variety of sedimentary structures (no/normal/reverse grading, plane-parallel lamination, internal scours, aligned clasts and mud chips), and c) abundance of organic material due to direct river input. Sole structures at the base of sandstone beds indicate a bimodal NE-SW paleocurrent trend for the northern part of the succession and 2 bimodal trends, the first in a north-south direction and the second in a NW-SE direction for the southern part.
Olistostromes/fine-grained sandstones
Characteristic outcrops of this unit can be observed at the area around Spoa, at the Agios Nikolaos harbor (Figure 2) , and along the Spoa-Olympos road. The unit can also be traced near Pyles village at the western part of southern Karpathos (Figures 7a-7c ). These deposits have an actual thickness of about 150 m, which seems greater in some exposures due to folding. The unit consists of thin-bedded, fine-to medium-grained sandstones and mudstones; thick chaotic intervals of carbonate olistoliths in green mud matrix; and monomictic conglomerate beds with carbonate clasts. The carbonate olistoliths, which in some cases exceed 10 m in diameter, are composed of: a) barren micritic limestones (at the lower part of the unit) with no trace of bedding and sedimentary structures, and b) conglomeratic, bioclastic limestones (containing rudist, mollusk, coral, and algae fragments), probably derived from a shallow water area (Harbury 1986) . Sandstones are mainly thin-bedded and the thicker beds rarely exceed 1 m in thickness. Some thicker beds can be observed, which pinch out laterally (Figure 7d ). Most sandstones are normally graded with Bouma divisions Ta, Tabc, Tcd, and Tc and have flat bases. Thin-section study of the sandstones reveals a large abundance of carbonate matrix and carbonate rock fragments. In the upper parts of the succession monomictic conglomerates can be observed with carbonate clasts that reach 60 cm in diameter, which in some cases are folded.
Generally the deposits of the unit represent 2 different depositional processes: thin-bedded, fine-grained, and normally graded sandstones, which exhibit Bouma divisions, probably represent turbiditic sediments deposited in a position distal to the sediment source. The presence of fine-to medium-grained sandstones with Bouma divisions indicates deposition from low-density turbidity flows (Lowe 1982) or surge-like turbidity flows (Mulder & Alexander 2001) . The sandstone-mudstone deposits of the unit can be categorized as lobe deposits (Chen & Hiscott 1999) due to the occurrence of: a) rare basal scours and often parallel bases, b) absence of pebbles and granules, c) common upper Bouma divisions and basal Ta division in most beds, and d) many thin beds. Large percentages of carbonate rock fragments in the sandstones reveal a main source area of carbonate material and a secondary area of siliciclastic material. Carbonate olistoliths in mud matrix and carbonate conglomerates represent gravity deposits that were deposited via debris flows (Lowe 1982; Mulder & Alexander 2001) . Paleocurrent study of the unit reveals a paleoflow trend towards the south in the northern part of the island and towards the southwest in the southern part.
Fine-grained sandstones/conglomerates
This unit outcrops at "Vounaros" high, southwest of Spoa (Figure 2 ), where characteristic deposits can be observed at the beginning of the Spoa-Olympos road. Unit thickness ranges around 70 m. Medium-bedded, fine-grained sandstones and mudstones dominate (Figure 7e ). Some sandstone beds are more than 2 m thick, but the average sandstone thickness ranges around 15-20 cm. Most beds are normally graded, with Bouma divisions Ta, Tac, and Tc; they have flat bases and some amalgamation surfaces can be observed. At the upper part of the succession, a conglomerate bed of 3 to 4 m thick can be traced, with clasts that consist of limestone, chert, sandstone, quartzite, and igneous rocks, which have a maximum diameter of 50 cm. The deposits of this unit (especially the lower part) probably reflect deep-water clastic deposition from a relatively distal source, but to some proximity to a submarine channel, as can be deduced by the presence of the coarse-grained conglomerate bed at the upper part of the succession. Presence of fine-grained sandstones with Bouma divisions indicates deposition by low-density turbidity flows (Lowe 1982) or surge-like turbidity flows (Mulder & Alexander 2001) . According to Chen & Hiscott (1999) , the deposits of the lower part can be categorized as lobe deposits due to the occurrence of: a) rare basal scours and often parallel bases, b) absence of pebbles and granules, c) presence of upper Bouma divisions and basal Ta division in most beds, and d) many thin to thick beds. The coarser deposits of the upper part probably belong to a submarine channel environment and were probably deposited by high-density turbidity flows (Lowe 1982) or debris flows (Mulder & Alexander 2001) . Sole structures at the base of the sandstones reveal a bimodal NE-SW paleocurrent trend.
Coarse-grained sandstones/conglomerates
Outcrops of this unit can be traced at the hills westnorthwest of the town of Pigadia at southern Karpathos (Figure 3) . It represents the lowest stratigraphic unit of the turbidite succession in southern Karpathos, with a thickness that does not exceed 100 m. The contact with the underlying slope carbonates cannot be observed. Generally, the underlying slope carbonates in the southern region, which outcrop north of Pigadia bay (Figure 3 ), seem to be thrusted over the turbidite formation in some cases (Christodoulou 1963) and their stratigraphic position cannot be determined with certainty. Possible thrust faults were recognized in the field and probably have a relation with the observed evaporite diapirs (Figure  3) , which outcrop at the lower levels of the overlying mudstones/fine-grained sandstones unit. The presence of these faults explains the fact that the upward passing from this unit to upper stratigraphic levels cannot be observed with certainty in the field.
Conglomerates and pebbly, coarse-to mediumgrained sandstones compose the base of the unit (Figures  7f & 7g) . Fine-grained material is almost entirely absent. Conglomerates are disorganized, ungraded, with clasts of limestones, clastic carbonates, cherts, and igneous (probably mafic/ultramafic) rocks. Maximum clast diameter is about 50 cm. Pebbly sandstones alternate with conglomerates and dominate at upper stratigraphic levels. In many cases, imbricated clasts can be observed inside the sandstones along with pebble plane-parallel laminations, which probably represent traction surfaces. Coarse-grained sandstones have no grading, but some thinner medium-grained sandstones do have it. At the upper parts of the unit, at the hills near Pigadia beach, thick-to medium-bedded sandstone and mudstone alternations can be observed. The sand/mud ratio is high and some slump horizons appear interbedded (Figure 7h ). Sandstones are medium-to coarse-grained with erosive bases and often exhibit normal grading, but ungraded beds appear, too. Bouma divisions Ta, Tabc, Tac, and Tc (Bouma 1962) can be traced along with massive, structureless beds. Amalgamation surfaces are common.
High sand/mud ratio, occurrence of slump horizons, and the erosive character of the beds, along with the presence of coarse-grained material, suggest that the sediments of this unit were deposited in a position very proximal to the sediment source. The unit can be categorized as upper fan channel deposits (Chen & Hiscott 1999) due to the occurrence of: a) strong amalgamation and strong basal scours, b) wide grain size range, c) many beds that lack upper Bouma divisions, and d) many thick to very thick beds. Based on flow types, the sediments can be also categorized as deposits of high-and lowdensity turbidity flows (Lowe 1982) or hyperconcentrated, concentrated density flows, debris flows, and turbidity flows (Mulder & Alexander, 2001) . Paleocurrent study indicates a paleoflow trend towards the north.
Nannofossil biozones and ages
Nannofossil study of the turbidite deposits indicates the presence of the following species and biozones based on Martini's (1971) classification (Figures 8 and 9) .
Carbonate breccias/marls
• Nannotertina cristata, Reticulofenestra dictyoda, and Coccolithus pelagicus at the lower parts of the unit: Middle Eocene (biozones NP15-16).
• 
Organic geochemistry
In order to perform an initial reconnaissance study regarding the hydrocarbon potential of the deep-water formation, a total of 8 samples collected from the turbidite succession of Karpathos Island (Table 2; Figure 12 ) were subjected to total organic carbon (wt.% TOC) and pyrolysis analysis. All samples were carefully collected from organic-rich, fine-grained intercalated beds of the massive sandstone/conglomerate unit, which exhibits several horizons abundant in organic material.
Source rock potential
Organic carbon content of Karpathos samples ranges from 0.01 to 5.81 wt.% (Table 3) , with an average of 1.14 wt.%. These values indicate that the units have poor to excellent source rock potential (Peters & Cassa 1994) . Sample KO 13 has excellent, sample KO 3 good, and samples KO 1 and KO 19 medium source rock potentials, respectively. All the other samples have poor source rock potential. SP is defined as the sum of S1 and S2 values derived from RockEval pyrolysis. Rocks with SP of less than 2 kg/t suggest insignificant oil but some gas potential, while rocks with SP values ranging between 2 and 6 kg/t are classified as moderately rich source rocks with fair oil potential (Tissot & Welte 1984; Dymann et al. 1996) . SP values of Karpathos samples vary from 0.03 to 1.97 mg/g (Table  3 ), corresponding to little or no oil potential with some potential for gas.
Organic material type
Hydrogen index (HI) values of Karpathos samples range from 27 mg HC/g TOC in samples KO 1 and KO 12 to 300 mg HC/g TOC in sample KO 14 (Table 3) . Oxygen index (OI) varies from 35 mg HC/g TOC in sample KO 13 to 5200 mg HC/g TOC in sample KO 14. Tmax ranges from 450 °C in sample KO 1 to 502 °C in sample KO 9. To determine the kerogen type of the studied samples, the HI-OI and HI-Tmax diagrams from the pyrolysis analysis were used (Figures 10 and 11 ). Both diagrams confirm the occurrence of kerogen types III and IV. In the HI-OI diagram, all samples except KO 9, KO 12, and KO 14 have been plotted. These 3 samples display a very high value of OI in association with a low TOC (0.01 to 0.11 wt.%) content, which leads to the conclusion that this is due to the generation of inorganic carbon dioxide from carbonate below the maximum trapping temperature of 390 °C. This inorganic carbon dioxide derives from impurities, solid solution, and pyrolytic generation of organic acids (Katz 1983) and can result in anomalously high OI values, particularly for samples containing less than 0.5 wt.% TOC (Peters 1986 ). The 5 samples that plot on the HI-OI diagram (Figure 10 ) are of kerogen type III (samples KO 13, KO 19, KO 15, and KO 3) and type IV (sample KO 1). 6.3. Thermal maturity Thermal maturity of the organic material can be determined by pyrolysis analysis (Tmax). In the HI-Tmax diagram, Karpathos samples display a range of Tmax values from 450 to 502 °C (Figure 11 ). Four samples with Tmax values from 469 to 502 °C also display a very low S2 value (<0.2 mg/g). Tmax values for these samples are considered as not reliable (Hunt 1996; Jarvie & Tobey 1999) . The rest of the samples have a reliable Tmax ranging from 450 to 478 °C, indicating a mature gas/postmature dry gas stage. 
Discussion
Detailed sedimentological, biostratigraphic, and organic geochemical analysis of Karpathos turbidites reveals new aspects regarding Tertiary sedimentation in the SE Aegean.
Sedimentary facies and environments
Turbidite deposits outcrop in 2 major areas of the island, the first in the north (Spoa, Olympos, Diafani areas) and the other in the south (Pigadia, Aperi areas), with a thickness of less than 1000 m (Figure 12) . In northern Karpathos a transitional succession of carbonate breccias and marls pass upwards into mudstones and fine-grained sandstones with significant lateral extent reflecting the deepening of the basin and the onset of main turbidite siliciclastic deposition. Distal turbidites are followed by the deposition of a coarse-grained proximal channel system. These deposits exhibit features of high density, probably hyperpycnal flows, originated by direct river input. The latter is suggested by a variety of sedimentary structures, the occurrence of very thick beds, and the abundance of organic material. The limited lateral extent and lenticular shape of the deposits possibly reflect local accumulation of sediment coming from one source point, possibly the mouth of a nearby river. Lenticular shape, a thickness that does not exceed 300 m, proximity to the source area, compositional immaturity of the detrital material (Pantopoulos & Zelilidis 2012) , and the decrease in unit thickness to 0 m towards the margins are all observations that argue towards the classification of the observed massive sandstone/conglomerate unit as sand-rich submarine fan deposits according to the criteria proposed by Mattern (2005) . Massive sandstones/ conglomerates are followed by fine-grained sandstones and olistoliths, reflecting a marked change in the depositional environment and possibly in sediment source (high abundance of carbonate material). Olistostromes/ fine-grained sandstones pass upwards into fine-grained sandstones and conglomerates, indicating a change into more proximal sedimentation and a different (siliciclastic) sediment source. In southern Karpathos (Figure 12 ) a proximal succession of coarse-grained sandstones and conglomerates, which is not observed in the north, passes upwards (possibly with a tectonic contact with the presence of evaporite diapirs) into mudstones and fine-grained sandstones. The succession continues upwards with the occurrence of massive sandstones and conglomerates with limited lateral extent (probably deposited by high density flows) and olistostromes/fine-grained sandstones.
The above observations indicate some differences in the outcropping turbidite units between the northern and the southern part of the island (Figures 2, 3 , and 12): these differences can be highlighted in the absence of the transitional carbonate breccias/marls in the south. Instead, a proximal coarse-grained unit can be observed, which does not outcrop in the north. The upper levels of the northern succession (fine-grained sandstones/ conglomerates) are also not observed in the south. Thus, it can be deduced that the turbidite succession differs in facies characteristics in its upper and lower levels between the northern and southern part of the island. The latter observation probably reflects differences at the first and last stages of turbidite sedimentation between these 2 areas of the island, which shared similar sedimentary conditions in between. The fact that these differences (especially at the base of the units) are observed between 2 areas in close distance indicates the complex nature of turbidite sedimentation in the Karpathos area, which is possibly affected by the carbonate substratum. The latter was probably significantly segmented and deformed already before turbidite deposition (Harbury 1986 ).
Paleocurrent trends
The fine-grained character of the lower levels of northern Karpathos turbidites and of the mid-levels of the southern Karpathos turbidite succession prevents the recognition of a certain paleocurrent trend. The lower levels of the southern succession reveal a northern paleocurrent trend. The massive sandstone/conglomerate successions reveal a bimodal NNW-SSE trend. The occurrence of an asymmetric dispersal pattern of opposite bimodal paleocurrent directions in the latter unit also argues in favor of its classification as sand-rich fan deposits (Mattern 2005) . Upper levels in both areas (olistostromes/ fine-grained sandstones) show a SW trend. Fine-grained sandstones/conglomerates at the highest stratigraphic level exhibit a bimodal NE-SW trend. These changes in paleocurrent directions (Figure 12 ) may also reflect the complexity of turbidite sedimentation in the area and the existence of more than one sediment source. If we take into account that the Dodecanese area received an average 25° counter-clockwise rotation since the Miocene (Kokkalas & Doutsos 2004; van Hinsbergen et al. 2007) , then the observed paleocurrent directions switch to a NE-SW general trend, which is possible to reflect the orientation of basin axis, in the case of axial currents' sedimentation. The hypothesis that submarine gravity flows of the Karpathos turbidite system were evolving parallel to the basin axis is strengthened by the cooccurrence of olistoliths and finegrained, probably distal deposits: as a turbidite system develops and progrades axially, olistostromes will probably become incorporated into upper-, middle-, and lower-fan components (Shanmugam & Moiola 1988) .
Biostratigraphy
Nannofossil analysis indicates that the lower parts of northern Karpathos turbidites have a Middle Eocene age. Upper parts of the northern succession have a Late EoceneEarly Oligocene age. In the south, turbidite sedimentation seems to start in the Early Eocene and finish in the Late Eocene-Early Oligocene. The contact of Early and Middle Eocene turbidite deposits in southern Karpathos cannot be easily observed in the field due to tectonic deformation accompanied by evaporite diapirism. However, even in the case that these 2 units are not representing continuous sedimentation and are separated by an unconformity probably caused due to tectonic activity, there is evidence for Early Eocene turbidite deposition in the Karpathos region. This Early Eocene (NP12-14) age is recorded for the first time in the area, situated at the base of the southern Karpathos turbidite succession, near the town of Pigadia. The oldest age reported for Karpathos turbidites is Middle Eocene (Davidson-Monett 1974; Harbury 1986 ). The latter implies that turbidite sedimentation in the Karpathos region started earlier that was believed until now. Turbidite deposition in the area seems to end at the Eocene-Oligocene boundary (biozones NP20-21). The Early to Late Eocene-Early Oligocene time span of turbidite sedimentation in the Karpathos area as proposed by nannofossil analysis in this study is in contrast with the proposed timing of turbidite deposition in the Pindos foreland of the External Hellenides (Ionian and Gavrovo Zones), which seems to start in the Late Eocene (Faupl et al. 2002; Kamberis et al. 2005; Konstantopoulos & Zelilidis 2013) , especially in the Peloponnesus area (southern Greece). Age similarities seem to exist (at least for the Hellenides) with the time span of turbidite deposition in the Pindos Zone and Pelagonian Zone of southern Greece (Faupl et al. 2007) . Age similarities also exist with Eocene clastic deposits outcropping in the area of the Lycian Nappes in SW Turkey, which represent turbidite sedimentation that lasted through the Eocene due to closure of the northern Neotethys Ocean and the emplacement of the Lycian Nappes towards the southeast (Collins & Robertson 1999 ten Veen et al. 2009 ). More particular, the Yavus Thrust Sheet (Collins & Robertson 1998 ) is interpreted as Early Eocene-Early Oligocene foreland basin sediments, mainly derived from basic volcanic rocks within the Lycian Allochthon. Similarities also exist with the rocks forming the Yeşilbarak Nappe (Şenel 2004) , which represents Eocene-Early Miocene turbidite sedimentation in a wide basin situated between the Lycian Nappes and Bey Dağları autochthon, the Yavuz-Elmalı basin (Şenel 2004) .
Type of organic material-hydrocarbon potential
Organic geochemical analysis reveals the presence of organic material of kerogen types III and IV in finegrained intervals of the massive sandstone/conglomerate unit ( Figure 10) . Half of the studied samples consist of kerogen type III, which represents terrigenous material. The occurrence of terrigenous organic material in these sand-rich fan deposits supports previous sedimentological observations that suggest that sedimentation of this unit was possibly affected by the presence of hyperpycnal sediment flows caused by direct river input. From a hydrocarbon-bearing perspective, organic samples from this coarse-grained turbidite unit have some potential to generate gaseous hydrocarbons and are of mature/ postmature stage (Figure 11 ). 7.5. Sedimentary basin evolution: tectonic and eustatic sea level effects Based on the above observations, a possible model for the sedimentary evolution of the Tertiary turbidite basin at Karpathos area and the main factors that controlled sedimentation is proposed (Figure 13 ).
Turbidite sedimentation starts at the southern part of the island in Early Eocene times and evolves towards the north (Figure 13a ). At that time, carbonate slope sedimentation was terminated at the northern part of the island and the carbonate substratum was already segmented and deformed (Harbury 1986) . During the Middle Eocene, turbidite deposition at the southern part was probably affected by tectonic activity (faulting, evaporite diapirism), due to which the contact of the basal coarsegrained sandstone/conglomerate unit with the underlying and overlying formations was disrupted. Middle Eocene tectonic activity probably marks the onset of siliciclastic sedimentation in the north, which seems to continue with the deposition of fine-grained siliciclastic turbidites in the Middle to Late Eocene with minor carbonate contributions (Figure 13b ). During the Late Eocene, the character of sedimentation changes with the deposition of coarse siliciclastic material. Coarse sediment is deposited in lens-shaped, sand-rich fans (Figure 13c) , forming several horizons rich in terrigenous organic material, closely related with sediment discharge from nearby rivers. The Late Eocene-Early Oligocene marks a second major change in both depositional style and sediment source, indicated by the presence of calcareous turbidites and olistostromes (Figure 13d ). At that time turbidite deposition starts to cease in the south but continues for a short period in the north, with sedimentation of mainly siliciclastic material. Turbidite sedimentation probably took place in a basin in front of an advancing nappe pile and continued until the arrival of the nappes, which eventually overthrusted the turbidites. The recorded changes from mainly siliciclastic to carbonate sediment sources throughout the turbidite succession reflect an alternating sediment supply, either from the fold thrust belt or from the peripheral bulge and the mixing of 2 main sources in the foredeep. Part of the carbonate material probably originated from the nappe pile, especially at the end of turbidite sedimentation, when the advancing nappes were situated close to the depositional basin.
Turbiditic sedimentation in Karpathos was mainly affected by tectonic activity and less by eustatic sea level changes. The latter hypothesis is strengthen by a) data from the present study revealing evaporite diapirism into Middle Eocene turbidites and Late Eocene sandrich fan deposition, which is closely related with tectonic activity (Mattern 2005) , and b) recent petrographic and geochemical data (Pantopoulos & Zelilidis 2012 ) that indicate that turbidite sedimentation probably took place in a continental island arc active tectonic setting closely related with the subduction of a branch of Neotethys and the advance of the Lycian Nappes towards the southsoutheast due to closure of this Neotethyan oceanic basin. However, possible eustatic sea level effects cannot be ruled-out, especially during Early Eocene (NP12-14) coarse sandstone/conglomerate deposition, which could be related with the proposed eustatic sea level lowstand (Haq et al. 1987 ) during this time period.
Conclusions
New insights regarding Eocene-Early Oligocene turbidite sedimentation in the area of the SE Aegean (Karpathos Island) were gained based on sedimentological, biostratigraphical, and organic geochemical analysis: turbidite sedimentation initiated during the Early Eocene (nannofossil biozones NP12-14) and lasted until the Late Eocene-Early Oligocene (NP20-21). Deposition and spatial arrangement of sedimentary facies was affected by the already deformed carbonate substratum and changes in the prevailing sediment source between siliciclastic and carbonate sources. Tectonic activity was mainly responsible for the evolution of the turbidite system, especially during Middle to Late Eocene-Early Oligocene times, characterized by evaporite diapirism, sand-rich fan, and olistostrome sedimentation, mainly caused by nappe advance. However, an eustatic sea level lowstand during Early Eocene possibly also affected sedimentation in the area, leading to the deposition of coarse sandstones and conglomerates. Observed Late Eocene sand-rich fan deposition was largely controlled by hyperpycnal flows caused by direct river sediment input and characterized by several horizons rich in terrigenous organic material, which have a source rock potential for gaseous hydrocarbons of mature/post mature stage. The time span of turbidite deposition is better related with the observed time span of deposition of Pindos and/or Pelagonian Zone turbidites of southern Greece and not with that of the Pindos foreland turbidites (Ionian and Gavrovo Zones) of southwestern Greece. The occurrence of age-equivalent clastic sediments in adjacent areas of SW Turkey (Yavus Thrust Sheet/Yavuz-Elmalı turbidites), closely related with the advance of the Lycian Nappes during Eocene-Early Oligocene and deposited in a similar tectonic setting, highlights their possible relation with the studied SE Aegean sediments and also points to a future need for additional correlation studies and comparisons between these areas.
